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A, INTRODUCTION

1, Purpose. The purposes of this design memorandum are as follows:

a, To describe and record existing conditions in the Providence
River, particularly in relationship to the cooling water usage of the

Narragansett Electric Company’s Manchester Street and South Street steam
power plants.

b, To ascertain the extent and effect of changed conditions,
both favorable and unfavorable,

¢, To state the opinions of the New England Power Co, with
respect to the pogsible detrimental effects of the barrier on operations
of the WNarragansett Electric Co, and its views as to measures required
to counter detrimental effects,

d, 'Tofrecqmmend'ﬁeasures for protection of the utility,

2, Introduction, . The Fox Point Hurricane Barrier will be construc-
ted across the Providence River in the City of Providence, Rhode Island,
The barrier will be downstream of the intakes and discharges of the con-
denser cooling water system of two Narragansett Electric Company power
plants, This utility is a subsidiary of the New England Power Company,

The nofmal.opefétibns of the power plant increase the river tem-
peratures appreciably, and corrosive elements in the water and bed
materials are a constant problem to the power company.

3. General Description of Providence River, The Providence River,
a tidal estuary flows from the confluence of the Moshassuck and Woonasqua-
tucket Rivers into Narragansett Bay.




The river is only 3/l of a mile long and varies in width as it
flows through the center of Providence from about 140! near theé Crawford
Street bridge to 8007 at its confluence with the Seekonk River,

The river water is naturally a mixture of fresh and salt water
with a considerable load of industrial, sanitary and storm sewage, The
pollution and decomposing organic silt cause the water in the vicinity of
the project to be corrosive,

The upstream tributaries carry a very fine grained organic silt,
which 1s deposited in the gtilled waters of the estuary, The top layer of
the deposit is very fluid in character and subject to erosion by any slight
increase in current, The procesgs of decomposition is active in this stratum,

B, INVESTIGATIONS

l» Necessity and extent,

a. Necessity, (1) Special Construction, The provision of access
t0 a source of cooling water below the barrier and of special construction
measures for the protection of Narragansett Electric Co, is a special item
of appreciable expense, The subsequent maintenance of the cooling water
canal wall will be relatively high in cost, Tt is necessary to determine the
need for the special provisions,

(2) Record of Existing Conditions

o The New England Power Company has taken the position
that special construction measures are not considered assurance of adequate’
protection for its facilities, that actual experience will be the eriterion,
Thus it becomes necessary to establish existing conditions of the Providence
River for reference in case damage ¢laims are made,

(3) Relationship to Local authorities

The Narragangett Electric Company plant and the local
authorities, particularly the City of Providence, will be parties to any
financial settlements, with an unusual variety of considerations, Directly,
the Barrier right-of-way will be located across the Narragansett Electric
Company property. The Narragansett Electric Company will supply power, par-
ticularly for operation of the pumping station. The plant will be a unit of
a contemplated special asgessment district, which will be required by the
local enactment to pay 10% of the cost of the Barrier,

The operation of the cooling water canal is of mutual
interest to the City and to the utility., The City desires that every effort
be made to hold costs to the lowest safe amount in design of the project.
Some officials have .informally questioned the need for the canal, and there
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is realization of the evident benefit to the utility in the improvement of
cooling water temperatures the canal will provide.

These interrelated consgiderations require 2ll reasonsble
care in establishing conditions in the river and in determining the need and
affect of the various features with respect to the Narragansett Electric Co.
plant,

(L) Other
The investigations will serve also to aid in designing

the Barrier for corrogive river water characteristics and in forecasting
future effects upstream of the Barrier,

b. Extent of Investigations., The investigations included the

following:

(1% Extent of Silting

(2) Analyses of water and river bed materials

(3) Rate of settlement

(4) Record of river water temperatures (26 August to 11
Sept. 1959) '

(5) . Current measurements (26 August to 11 Sept., 1959%)

(6) Records of intske and discharge cooling water volume and
temperatures, power output, tides, barometric pressures, and air temperatures,
(26 August to 16 September 1959),

(7) Record of condenger tube failures and of corrosion of
sheet piling,

5. Silting,

a, Present Conditions, The river is graduwally filling with silt
and is shoaling progressively from the upstream end. Before 1900 there was
a "Cove' area above Crgwford St., Bridge which was used as an anchorage.
According to local information silting was an ever-present problem, After
abandomment of the "Cove a 30-ft, ship channel was maintained to the slips.
below Crawford St, Bridege, Neo dredging for navigation has been carried out
-gince a survey in 1939, The estuary has since been reduced to a shallow 'river
channel almost to the upstream cooling water intakes ofthe Narragansett
Electric Company. The depth of deposits since 1939 has reached a maximum
of 15 ft, below Crawford St, Bridge, Some silting has occurred in the area
abreast of the power plant, averaging about 2 ft, in thickness, See Plate
13.2 for extent of silting, The utility company has dredged in front of the
intakes, most recently in 1952 and 1955, This dredging has been partially
to clear the intakes and partially to deepen the channel,

b, Rate of Deposition, The quantity of silting is estimated at
160,000 ¢,y. which averages 38,000 ¢,y. per year,




¢, Odor Nuisance, The shoal area near the Crawford St,
Bridge is exposed at low tide., Because of the high content of
‘decomposing organic material it creates.a marked odor nuilsance,

d, Fature Silting, The effect of the barrier on the
rate of silting cannct be stated with certainty., Apparently the
greater proportion of transported silt now deposits as soon as it is
carried into slack water at the head of the estuary, Since the greater
portion of deposition over the past 20 years has been at the head of
the estuary, no appreciable increase in the rate is expected. '

6, River Bed Materials

a. Desgeription, The top stratum in the river is a gray
to black organic silt (OH) about 20 feet thick, The uppermost 5
feet of this stratum has a very soft consistency as evidenced by
the penetration of A-rod probes (1-5/8" Outside Diameter) under its
own weight (approximately 115 pounds). An attempt was made to run
shear tests on undisturbed samples obtained from the uppermost 5 feet,
but the sample slumped under its own weight while it was being ejected
from the sampling tube. The unconfined compressive strength of the
material below the top five feet ranges from 0.2 to 0,5 tons per
square foot, In general, the top 5 feet of the organic silt contains
70 to 90 percent by weight particles having a diameter smaller than
0,07h millimeters and ten percent by weight of the material has
particles with grain sizes smaller than 0,0025 millimeters in diameter,
The natural wet density ranges from 69 to 105 pounds per cubic foot,
The organic contents determined by burning tests range from 5 to
20 percent, Liquid limits range from 65 to 159, Plasticity indices
range from 29 to 108, Natural moisture contents varied from L5 to |

255,

Below the uppermost 5 feet the same type of material has
been consolidated to a more solid condition and organic content is
less, .

b, Settlement Time, A sample of the river bed materials
was thoroughly agitated in an 18" beaker, The disturbed sediment
settled completely in 8 minutes. See Exhibit 13-6,




7. Past Experiences with Corrosion,-

a, Measurement of Piling Corrosion, Measurements were made to
egstablish amount of corrosion of 2 sheet piling driven at the water front
at the Manchester St, Station intake g:reen house, The piling was in-
stalled in 1940, These measurements have not extended below the water
line, They show that serious corrogion has occurred near the low water
elevation, where the thickness has been reduced from ,375 inches to an
average of ,215 inches,

" b, Failures of Condenser Tubes, Representatives of the New
England Power Company in conversations with this office have stated that
the normally corrosive character of the river water has been a source of
continual concern because of the high rate of condenser tube failures with
resultant loss of boiler efficiency and necessity for retubing, At present,
several alloys of cupronickel are used which are fairly satisfactory, See
Exhibit 13.7 for composition of alloys, :

Tt was also stated that during the construction of 2 new
expressway in 1955, across the river upstream of the plant, a higher rate
of failures occurred, and that upon complaintthe method of excavation was
improved, Information from the Rhode Island Public Works Department con-
firms the fact that complaints were received and methods of excavation
were changed to minimize slopping of excavated slit into the river water,

The following record of excavations was obtained:

East Bulkhead, Excavated without sheet pile protection,
27 April - 12 May 1955,

‘ West Bulkhead, Excavated largely without sheet pile protec-
tion, 19 May -~ 10 Sept, 1955 and 29 Sept. - 7 Oct, 1955, This bulkhead
is near the deep channel of the estuary. Complaints were received from
the New England Power Company. More care was exercised in handling the
mud and afterwards no complaints were made.

. Piers, FExcavated inside cofferdams, L May = 20 July 1955,
There were othay excavations later behind cofferdams, or in the 0ld
Dorrance Street $lip, No complgints were received,

A chart of condenser tube failures was furnished by the
New England Power Company and the record has been shown herein in
Plate 13-k,

¢, Dredging, The Narragansett Electric Company has dredged
in front of the cooling water intake at intervals to remove silt or
deepen the channel most recently in 1952 and 1955, In 1955 asbout 11,000 c¢.¥.
of silt was removed, Officials state that no special precautions were taken
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and no ill effects noted, They have no clear opinion as to the reason
and there was no noticeable increase in rate of tube failures following
the work,

8, Analyses of Water and Bed Materials,~

Samples of the river water were taken near the surface and
near the bottom, They were taken at low tide; at mean tide, and at high
tide., Samples of the top stratum of river bed materials were taken at
the barrier site at 3 locations across the river, Other river bed
samples were taken at greater depths at the middle of the river.

These samples were analyzed for chemical and bacteriological
content, The Reports and results are given as Exhibit No, 138,

In brief, it was found that positive values for sulfides
were found in only three of the water samples, The chemist did not
congider that sulfides'in the water will be a very great corrosive
factor, but dwelled on the high chloride content as being a more im-
portant factor, The chloride content is about 16,000 parts per million,
in comparison with a content of zbout 32,000 parts per million at the
mouth of Narragansett Bay.

9, Existing Currents and Tides,-

a, Bxtent of Tnvestigation, 4 record of existing river con-
taminationstemperature and currents was made by the U,S, Coast and Geo-
detic Survey and the U,S, Public Health Service during the period
26 August through 11 September 1959, Readings were taken daily over
the entire estuary at levels 3 ft, from the surface, mid-depth and 3 ft,
from the bottom, Additional around-the~-clock S0~-hour readings were
taken at three locations,

. Current Data, Data on currents at mid-depth and near the
bottom are given below, Current readings near the surface are not so
reliable because of gross variations due to magnetic effect of the ship
on the metering instrument and are not shown,

Mid Depth 3 feet above bottom

Stétion 1 0.30 knot, max,, downstream 0.20 knot, max. upstream
0,05 knot, average 0,02 knot, average "

Station 2 0.40 knot, max. downstream 0,30 knot, max, upstream
0,02 knot, average " 0,06 knot, average "

Station 3 0.30 knot, max., downstream 0.50 knot, max., upstream
0,10 ¥not, average " 0.07 knot, average W

Note: One knot equals 6,080 ft, per hour or 1,69 ft. per second
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Current readings do not show a reversal of flow for ebb and
flood tides, although there is an indication of sglackened upstream
current at the bottom during ebb tide, For location of stations see
Plate No, 13-3, For reproduction of current records sée Plate No, 135,

¢, Tidal Action, The average tidal range is between + 2,47
mgl, and-2,13, msl, Greater ranges are reached at frequencies as tabu-
lated below:

Elevation Equalled or Exceeded (msl)

Period of Frequency H,W, L.W,
Weekly ' 3.8 2,9
Monthly 4,3 -2.9
Yearly ' 5.5 1,2
Ten Year 6,2 -5.1

During the run of the tide the surface elevation changes about
one foot per hour at Manchester St. Station., Based on the estuary basin
volume this would induce<an average ebb and flow of 300 c.f.g, and an
average velocity of ,02L ft/sec, or 85 ft, per hour,

d. Upstream Inflow, The average high water inflow from the
tributary land area is about L0O ¢,f.s. Low flow is arproximately 4O
¢.f,s, During the period of the recent river readings, estimated in-
flow was 55'c.f.s, This estimate is based on an average recorded flow
of 28 ¢,f,s, for the dates of 26-27 August at the gage at Centerville,
R.I, from a drainage area of 38 sq, mi, Low water flow is obviously
insignificant in effect on currents and temperatures.

e, Cooling Water Flows, The cooling water usage of the
Narragansett Electric Co, during this period was as follows:

Condenser Quantity Flevation

No. c.f.8, &, Intake
' “"m.s,1l.
Manchester St. Station 9,10,11 380 ~11,25
South St, Station
South intake 1,7 235 ~19,5
North intake 8 200 ~19,25

Totgl 815



The guantity varies with power requirements and temperature
changes, Future requirements may increase the amount to about 1,000 c.f.s,

There are four condenser discharges with elevations and maximum
discharge quantities as follows:

Condenser Max, Discharge
No. Quantity Invert El,(msl)
cfs
Manchester St,
South ' 10,9 (part) 200 -2.,5
North _ 11,9 (part) 250 It
South St,
South 7 150 12,5
North 1,8 290 - 3.5
Total 890

10, Existing Temperatures,

a, Temperature Readings., Temperature readings of the river
water were taken for the period 26 Aug,.-11l Sept. 1959 by the U,S. Coast
and Geodetic Survey and the U,S, Public Health Service, Hourly records of
barometric pressure, air temperature, tide levels, intake and discharge
temperatures of the cooling water, and power output for the period, - «
26 Aug.-16 Sept. 1959, were furnished by the New England Power Co,

b, Air Te@peratures. Air temperatures ranged from a high of
95° on 28 August 1950 %o a low of L5° om 16 September, but were within a
narrow range of daily fluctuatlons until 11 September,

¢, Barometric Pressures.. Barometric pressures were obtained,
The slight changes of tide: levels had n ‘ﬁigniflcance An water temperatures,

d, cooling Whter Temperatures; Condenser intake and discharge
cooling water temperatures have been plotted in relation to air temperatures,
tides and power outmut as shown on- Platq 13-L,, There is one intake for
the 3 condensers at Manchester St.. The cooling water temperatures for the
condensers have been averaged At South Street Station the intake for conw
denser No, 8 is apparently greatly affected by recirculatlon of discharge
weter, temperatures averaging several degrees higher than the river bottom
water at that point and fluctuating widely, and 3t“has'been plotted

-separately.

Some characteristics of ihfake temperatures during this
period were:



: (1) Temperatures dropped promptly when a cool period of air
temperature occurred, probably due to increased surface cooling of the river
water,

(2) Temperatures were slightly higher at low tide, particularly
at South Street Station,

(3) Temperatures increased with sustained higher power output,

' (L) Temperatures were consistently higher at Manchester Street
Station, which has a higher intake,

e, River Temperatures,

River temperatures were taken daily for the period 26 August
to 11 September 1959 over the entire area of the estuary, Additional
readings were taken on an around the clock basis for a S0-hour period,

In order to depict the temperature conditions some of the
readings have been plotted and tabulated, Water temperatures 3 ft, above
the bottom are tabulated below, Continuous readings are plotted against
tides and power output in Plate 13~3, Temperature contours of the river
for 27 Aug. and 31 Aug, are also plotted on Plate 13-3,

Some deductions made from the above charts are as follows:

‘a, Temperatures do not show any apparent change with ebb
and flow of tide except at the Seekonk River, At the Seekonk River a slight
rise of about 2° coincides with low tide conditions,

b. Temperatures generally build up as power output is in-
creased and maintained during the working days of the week,

¢, Temperatures rise'progressively up the estuary,

d. Temperatures opposite the South Street plant average
4,60F higher than at the Seekonk River and show sudden sharp peaks of higher
readlnps more frequently at low tlde.ik" RO ‘

-"»__ WWEM@RWM
WATER TEMPERATURES 3 FT. FROM BOTTOM
- : DEGREES EAHRENHEIT

Locatlon 3 |
Date Seekonk River Manchester St, South St,. Upper End
(sta, 2.) (Sta, 13) (Sta, 21) Sta., 26)
25 Aug, 7.6 - 75.9 76.6 83.3
6 72,5 75.0 7.4 81.1



Date Seekonk River Manchester St, South St, Upper End

(Sta. 2) (Sta, 13) (Sta, 21) (Sta, 26)
2? Aug 7309 75.6 - b
28 7he8 754 75.2 85,8
29 {Week end)
30 " i1
31 1.6 Tha7 76.1 81.0
1 Sept 72.1 73.0 75,7 T7.4
2 3.2 7349 8L,6 80.6
3 37 792 81,0 79.6
L 72,5 heS 177 81,0
5 (Week end)
é w n
8 73.8 76,0 78,3 86,0
9 7547 h.5 76.1 87.3
10 74.8 73.8 76,1 80,2
11 72,1 7247 7949 80,2
Avg 73.3 75.0 7.9 81.9

C. MODEL STUDY OF TEMPERATURE EFFECTS

11, Cooling Water Temperature Studies,

a. General, Model studies were undertaken to give an in-
dication of the effect of the barrier on the cooling water temperatures,
These were conducted at the Waterways Experiment Station using the model of
the Narragansett Bay which had been set up for hurricane tide studies,
Tegts were run to esteblish the following conditions:

(1) TFxisting conditions as a reference,

(2) Effect of the barrier, assuming no special cooling water
canal was provided,

{3) Effect of the barrier, with cooling water canal provided,

(L) Construction cofferdam sequences as affecting the cooling
water temperatures,

The model tests simulated existing tidal-flon;xsalinity, cooling water
demands and temperatures, and upstream flow, Both average high water and low
water ypland inflows, " ‘s

b. Exlsting Conditiong, The following statement on existing con-
ditions is quoted from ILnterim Report No, 3 of the Waterways Experiment
-Station, "While not entirely pertinent to the purpose of the model tests,
data obtained during the exploratory tests and the base tests indicate that
the present circulatirn of cooling water has an appreciable effect on water
temperatures throughout the problem area, During the exploratory tests, which
did not simulate eirculation of cooling water, it was found that the average
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water temperature in the problem area was 1° less than the fresh water
temperature, In the base test, which simulated the existing circulation -
the average temperature was l,2°F higher than the fresh-water temperature,
or an increase in average temperature of about 5.2°F because of the cir-
culation of water at the power stations,

¢, Barrier without Cooling Water Canal, The following disw
cussion of the effect of the barrier without a cooling water canal is
also quoted from Interim Report No, 3: ™"The results of the model indicate
that the Fox Point barrier would reduce vertical circulation between
that portion of the Providence River downstream from the structure and
that upstream where the cooling water intakes and outlets are located,
and the reduced vertical circulation would cause an increase in the
average water temperature of the upstream area by 3.0°F to 3.5°F., The
tests also indicate that the temperature of the intake water at the South
St, Station would be incressed by less than the average. This difference
is attributed to the fact that the South St. intake is appreciably deeper
than the Manchester St, intske, which lessens the effect of the reduced
c¢ireulation,

"The tests also indicate that the reduced vertical cir-
culation would cause a slight reduction in water temperature downstream
from the barrier, as evidenced by temperature measurements at Station 19,
Tt therefore follows that any scheme for drawing cooling water from the
downstream area would provide cooler water to the plants with the barrier
installed than would be available without the structure," (Station 19
in the model is at the confluence with the Seekonk River), '

Representatives of the New England Power Company have
stated informally that present cooling water temperatures are critically
high during hot summer weather, that loss of power as high as 7% has been
experienced, and that higher temperatures would cause additional losses,

d, Barrier with Cooling Water Canal, The following discussion
of the effects of the barrier with a cooling water canal are quoted from
Interim Report No, )i, (This condition is termed "Plan Wo, 3"in the Report).

#"The results of the model tests of Plan 3 indicate that all
detrimental effects of the Fox Point barrier on cooling-water temperatures
would be eliminated by this plan., The average intake temperature at the
Manchester St, Station would be significantly lower than that for existing
conditions, while the average temperatiure at the South $%, intake would be
no higher than for existing conditions, On an over-all basis, the quality
of the cooling wabter available to the Narragansett Electric Co. would be
significantly better after completion of the barrier and the Plan 3 cooling-
water chamnel than for existing conditions.

"While not tested in the model, it is believed that the indicated
improvement in water quality over existing conditions (ag affected by Plan 3)
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would be even greater if the quantity of water circulated should te
increased as is contemplated, This opinion is based on the rather

large reduction in average surface temperatures at the plan intake loc~
atlons as compared to the temperatures at the existing intake locations
(=4 UF at the Manchester St, intake and -5,2 F at the South St, intake),
If the quality of water circulated should be increased appreciably, it
appears that the additional water drawn into the intakes would be
warmer under existing conditions than under Plan 3 conditions,

The resvits of the tests indicate that Plan 3 would
increase the average water temperature upstream from the barrier by
about 3,h°F; however, this increase would be of little or no signif-
icance unless other plants obtain cooling water from the affected area,"

e, Recirculation below barrier, Representatives of the
New England Power Co, have informally expressed a firm opinion that the
cooling water canal wall should be extended downstream to guard against
intake of corrosive elements during construction from a fear that re-
circulation of the warm discharge water will otherwise occur to a marked
extent. Currents are too sluggish to reproduce in g model and obtain
satisfactory conclusions on recirculation, Results of the model study
with the cooling water canal show that the overall effect of the project
is beneficial,

£, Construction Period, It is assumed that the construction
will be in a two~stage cofferdam operation and will considerably reduce
the present river cross-sectional area during the congtruction period,
& model study for an initial stage cofferdam inclosing the pumping
gtation and west abutment, thereby restricting the river to the east
side, showed that the South Station would not be noticeably affected,
but that intake temperatures at the Manchester Street Station would
rise as much as 3°F,

D, VIEWS:OF NEW ENGLAND POWER COMPANY

12, Views of New England Power Company.- The Narragansett Electric
Company, & subsidiary of the New England Power Co, operates 2 steam
power plants on the right bank of the Providence River, It has a
nominal capacity of 363,000 KW. It draws condenser cooling water from
the river and discharges the heated waler back into the river. The
present usage is about 815 e¢fs, Intakes are placed at as low as pos-
gible and discharges are near the surface, TLocations of intakes and
discharges are shown on Plate No, 13-1,

The attitude of the N,E.P. Co, with respect to the plant and
to the construction of the Barrier is given in these quotes from a
letter of 1 April 1959:

"Tn the broad pieture it must be recognized that the Narra-
gansett Electric Company's steam-electric site on the Providence River

12



is ideally located to deep draft navigation faeilities for fuel trans-
portation, Recognizing the inevitable growth in electric power needs for
the area, which indicates a doubling of load in each succeeding ten or
fifteen years, it is obvious that a utility company must not only be
foresighted in acquiring power house sites for future development, but
must be equally conscientious in preserving the advantages of existing
sites, In the case of the Providence River site, this means maintaining
the area for the efficient operation of the existing facilities as well
ag preserving this favorable area for fubture changes and expansions,ew-

Tt ig of great concern to us that every possible pre-
caution should be taken to prevent temperature rise in the circulating
water used in the plants and the contamination of the circulating water
during construction,==-

"We firmly believe that liveable cooling water conditions
can only be agsured by construction of an intake chanmel as included
in your 1957 Interim Report, We also feel that this chammel, and an
entrance structure built behind a coffer dam, should be the first stage
of river cohstruction, From our experience we know that the disturbance
of the river bottom by excavation during construction will cause the
release of sulfides and other substances which will rapidly destroy
the tubes ordinarily used in condensers, Unless such a channel were
provided gs a first step, and excavation made back of coffer dams, we
would probably have to re-tube the condensers with stainless steel
prior to the start of construction, at a very substantial cost.

"We also believe that the existence of the barrier
would result in some temperature build-up behind it., Model studies may
give a gualitative indication of this, but we feel it is impossible to
predict the extent to which future silting and shoaling will influence
current distribution and water temperatures.

. "The rate of silting in the Providence River may also
be accelerated and even if the rate does not change, it is difficult to
~ see how it would be possible to dredge in front of our intakes and dis-
.pose of the material in any practical manner, due to limitations im-
posed by the barrier,!=--

In a later letter dated lh.September 1959, the cost of re-
tubing is estimated at $637,06L, The letter stated that there would
be an estimated outage per: unlt of 3 weeks, during which there would be
a substantial cost of power replacement

E, DISCUSSION AND RECCMMENDATIONS

13. Cooling Water Canal, a., Necessity. The records of existing
conditions indicate the sensitiveness of congenser intake water tem-

13



peratures to changes in power output and to atmospheric temperatures,
The model studies show that existing water temperatures upstream of

the barrier site would be raised by an average of 3,5° if no canal

were provided, This would result in a corrésponding loss of efficiency,
particularly in the warm season of the year, Provision of a canal to
protect water temperatures is therefore considered justified and is
recommended,

b, Description and Cost. The cooling water canal would be
formed by a wall of soldier H=-beams and timber panels, Intake flow
would be controlled by gates located in the pumping station, Dise
charges would be carried by flume extensions across the canal to the
upstream barrier pool, The estimated cost is $1,121,000.

1L, Protection against Corrosgive Elements,-

The New England Power Company has stated that there was
increased damage of condenser tubes with subsequent failures due to
disturbance of the river bottom during construction of the upstream
expressway., Based on this experience the company considers that the
excavation for the barrier, which will be of greater magnitude and
will be across the approaches to the condensers, will result in great
damage unless protective measures are taken.

Available information does not conclusively show increased
tube failures coincident with past excavations., Nor do chemical
analyses and the silt settlement rate show that excavation for the
barrier would increase sulphide concentration in the water long enough
to be carried to the condensers.

The present tube compogitions are selected after long ex-
perience as most resistant to normal river water composition, which is
predominantly saline,

. Sulphldegas'is reieased from the water in quantity in warm
weather, but it is not apparent that the concentration in the water
is sufficient to canse increased tube failures in the summer, It is
recognized that the: cupron1cke1 allovs of the tubes are not registant
to sulphide- actlon. ' T

Care in excavatlon will reduce damage, or’ the possibility of
darfage, and is considered of vital importange, = Measures which will be
adopted  include excavation in ‘cooler weather, if practicable, excavation
in the canal within enclosed areas except in. front of the intakes, and
a temporary extension of the canal wall, These measures will exclude
the disturbed materials to a maximum extent from the canal, They will
increase the length of time in which the sulphide elements will pass
from the point of excavation to the condenser tubes and thus allow the
sulphide gas a maximum time in which to escape from the cooling water.
The cost of the downstream wall extension is estimated at $115,000,

po



15, Other Changes.~- The construction of the canal will provide an
intske further downstream than at present, This may result in a sllghtly
more saline water because the salt concentration increases gradually in
a downstream direction. 81lso the intake of suspended sediment may be
glightly less,

As the canal velocities will be hisher than present, and as it
is not possible to completely remove and replace the top layer of river
bed materials in the canal bottom, intake of sulphides may be increased
until the bottom reaches a new equilibrium with the current,

The effect, if any, of these changes cannot be presently
evaluated, : .

16, Future damages and Benefits to New England Power Company,
a, DBenefits., Model studies indicate that construction of the cocling
water canal will improve cooling water temperatures, Measurement of the
value of this betterment would depend on records of temperatures before
and after ingtallation of the canal and would require an extensive study
of plant operations,

b, Damages.,

Damages would be indicated by an increased rate of ex-
perienced tube failures and of retubing, Present anglyses of river water
will be useful reference in future weighing of damages if claimed,
Analyses will be made during the construction period for record of changed
chemical composition of the water,

17, Upstream Pool, a, Changed Conditions. It is noted in the pre-
ceding paragraphs that silting will continue upstream of the barrier, and
that average temperatures will be higher,

b, Dredging, There is no present dredging except for maintenance
of the present cooling water chamnel,. Construction of the proposed canal
will eliminate this need. Development of the pool as a marina is not
locally desired as there are ample anchorages in less polluted waters,
Dredging to clear pumping station intakes may be carried out from the
trash deck. Therefore there will be little, if any, need for marine dredges.,

¢. Odor Nuisance, There has been considerable attention to
the odor nuisance from the tidal flats, without action to date, The con-
dition may be aggravated by higher temperatures, The most feasible remedy
appears to be excavation to a depth below low ~mter, Because of the con=-
stricted area of the present mud flats, and the location of the expressway,
marine dredges cannot operate in the area, but draglines can be used, work-
ing from the river banks,

15
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NEw ENGLAND POWER SERVICE COMPANY

=

441 STUART STREET, BOSTON 16, MASS.

November 16, 1959

UeS. Army Engineer Division, New England
Corps of Engineers

42y Trapelo Road

Waltham 5k, Massachusetts

Attention: Mr. R.S. Martin

Re. Fox Point Burricane Barrier
Providence, Rhode Island

Dear Sir:

: In response to your recent inguiry regarding the composi-
tion of the condenser tubes at our generating stations in Providence,
there are several different alloys bheing used at the present time,
Those now being used most extensively includeé the following:

70-30 Cupro-Nickel (High Iron)
90-10 Cupro-Nickel (High Iron)

Arsenical Aluminum Brass
Phosphorized Aluminam Brass

Very truly yours,
NEW ENGLAND POWER SERVICE COMPANY

/9/ /§Q (w—zy:./c'//“’&
D. R. Campbell

“DRC tmj

EXHIBI!IT
NO, |13-7



l;'@é;?ii; LABORATORIES » I NC.
Consulting and Analytical Chemists

¢ Brond Btrast o« Bestan 18 o Messochubeits o Liberty 2.0739

Novermber 16, 1959

So0ils laboratory

UsSs Army Engineer Division,
Nevw England

Corps of Engineers

A4 Trapelo Road

Waltham %4, Massachusetts

Gentlenmens

This letter wlll serve to confirm some of the
‘opintons I have offered verbally in conversations with
ou in the ocourse of & program of chemical and dbacterio-
cgiocnl analyses of water and soil samples from Fox Foint,
This work was performed under Order No, NED3P«60~213,

T™e aalinity of all woter samvles studied was
extremely high -~ and, .in our opinion, thls characteristic
would be the moat signifiocant faoctor tending to make the
water sorrosive,

Many other factors, of course, enter into the
plcture when one contemplates the poszible corrosive ace
tion. of a gilver water source. Therefore, except by detalled
stedy of all possible factors « including topography, tide
conditions, temperatures prevaliling, as well as the exact
composition ¢of metals likely to be in contact with such a
water « one c¢an make only superficlal comzents,

However, another source of poaaible difficulty,
are sulfides, The chenmistry of zulfur compounds 1s, in it-
self, complex, and in a given system, conditions usually
pravailing (partioularly in the ocase of tidal watera such
as those examined) make for dynamie rather than statie
eharacteristics, Therefore, there whll be a tendency for
sulfides pMhent at a glven time to disappear, Likewlse, the
avallebility of sulfates ( the waters are high in this fac-
tor ) and the posaibility of presence of bacteria capable of
reducing sulfates - and producing sulfldes thereby = will
be 4 possible source of increasing the sulfide comtent of
the water,

EXHIBIT
No /3-8a
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Accordingly, it is not at 2ll pogsible to make an
estimate az to how long sulfides, once formed, would remain
In the weter. Several faotors would tend to deorezse these
sulfides with the passage of tilme., These are (1) oxidation of
sulfides to hizher forms of sulfur, (2) Precipitation of sol-
uble sulfides from solution by combining with dissolved met-
ale to form insaluble sulfides, (3) release from the water by
volatllization as hydrogen sulfide gas.

As mentioned above, the precsence of sulfate-reduo=
ing bacteris mav leed to an Angreace ir. =.1fides (while other
‘méchanisms are tendin: to produce s decrezse), However, 1t is
belleved significant in this respect that - of gll) water san-
rlegs investigated ~ only the purposely site-agitated and labe
eratory-acitated saxiles showed these orsanisms present; and
only in relatively limited amounts. I% is also interésting to
note that these organiswe are extremely slow acting (in labor-
atory evaluatlion, one must wait for over four weeks before bee
ing able to "rend" the specimens),

From these conslderations, 1t would pot seem likely
that sulfides in the water wlll be z very great factor in the
corrosive properties of the system, Certalnly, the relatively
huge amount of ¢hlorides present would seem to have a far greate
ter potential for corrosive dameze, I° should be noted that pose-
1tive values for sulfides were only fourd in three of the water
specimens; in these the level was below one part per million,
Moreover* two of %hese three samples had been purposely agltat-
ed with "muck™, 4nd, further, the small values found were as

gg%al sulﬂ;dgg, &nd ineluded, therefors, insoluble as well as
aoluble sulfides, '

truly yours,

EXHIB!T
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(Taken Along Center Line Proposed Barrder - PHS Sta, 27/00)

Laboratory | Desoription
aanple Hoa -
Wl water sample taken 3' down from surface of water
at 7149 A.K. (Low T;de) on 27 August 1959,
Wed Water sample taken 3' up from river bottom at
7‘49 Aol (LO' T4de) on 27 Auﬁuﬁtr 1959,
 We3d Water sample taken 3' down from surface of water
at 11843 A.M, (Mean Tide} on 27 August 1959,
Wl Wator sample taken 3' up Ifrom river bottom at
11143 AM, (Mean Tide) on 27 August 1959,
Wb Wator sanple taken 3' down from surface of water
at 3128 P.M. (Hizh Tide) on 27 August 1959,
V6 water sample taken 3' up from river botton at
3128 F M. (High T1de) on 27 Auguast 1959,
W7 Water sample taken 3' up from river hottom at
11345 A.Me (Mean Tide) on 10 September 1959,
V-3 Water sample taken 1' $ up from river bottom at

11155 A.M, (¥ean Tide) on 10 September 1959 afe
tor agltating river bhotiom with semple contalner,

L Mixture of water sample We7 and Crganie 31lt
(iuok) sample {3«7) in the laboratory, in the
amount of one quart Organic 31l1¢ and one gallon
water, Analytical samples taken after oneshalf
hour's stapding.

S-1 Black organic silt (OL) sample taken at 9145 A,H,,
27 August 1559 from " depth, 30 feet east of
pier at Na sett Elaoctrie Light Company, Repe
rosents individual samples J1, J2, JA, and JB of
same material taken for apecific iost purponss
from exploration Hel,

EXHIBIT
NO. 13-8c¢
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.aboratpry
:anplo Mo,

=2

33

Se4

8=5

B=6

37

from exploration Mei,

Descoription

Blaock Organie Silt (OL) sample taken at 10110 A,M,

27 August 1959 from O-8" depth, 25 feet west of pler at
D & R Box Company Warsehouse. Represents individusal
samples J1, J2, JC, and JD of same material taken for
specific test purposes from exploration M-2,

Blaok Organic 3511t (OL) sample taken at 10120 A,M,
28 August 1959 from 0-8" depth, 270 feet east of pier
at Marragansett Eleotrio Light Company. Represents

Aindividual samples Jl, J2, JE, and JF of same material

taken for specific test purposes from exploration M3,

Gray 3andy Organic Silt (OL) sample taken at 1120 F,K,
28 August 1959 from 6,0 to T.0 foot depth, 270 feet
east of pler at Harragansett Electric Light Company.
Represents individual samples J3, J4, J&, and JH of
same material taken for specific test purposes from
exploration M3, :

Gray Sandy Organie S11t (OL) sample taken at 3115
P,M.,28 August 1959 from 9,5 to 10,5 foot depth, 270
feot oast of pler at Narragansett Electric Light Come
pany. Represents individual samples 3§, J6, JJ, and
JK of same uaterial taken for speoific test purposes
froa exploration M3, '

Gray Sandy Organic 311t (OL) sample taken at 3315
F.M,, 28 August 1959 from 12.0 to 13.0 foot depth,
270 feet east of pler at Karragansett Eleotris Light
Company. Represents in#ividual samples J7, J8, JL,
and JH of same material taken for specific test pure
poses from exploration N-3,

' Black Organie 311t {OL) sample taken at 12115 P.M,,

10 September 1959 from O to 8 inch depth, at center
of proposed pumping station (looation of FD=49), Re=
presents individusl samples 41, JN, JO, JF and 4Q

of same material takern for specifie test purposes

EXHIBIT
NO. /13- 8d



pH

Turbldity, ppm.
Free Carbon Dioxide, ppme.
Alkalinity as CacOs 1

Total ] pm -
Carbonate, ppm.

Bicarbonate, ppm,

Hydroxide, ppm,.
Froe Mineral Acid, ppm.
Total Hardnsess as caGOB. PP,

Ferrous Iron, Total, ppm.

Total, ppme
Dissolved, ppm,
Suspended, Ppm.

Ferric Iron :

Sulfides as S™, Totel, ppm.
Silica, ppm.

Sulfates, ppm,

Chlorides, ppm,

Manganese, ppm,

Staining Properties, CRD=CA01
Free Ammonia as N, ppm.

01l, ppm,

Solids 3 Total, DPDM.

Dissolved, ppm.

Suspended, Dpm.

Loss on Ignition, ppm.

Specific Gonductance, mhos per cm.

Bulfate-Reducing Bacterias, Most Probable

Number per 100 ml,

)

M-l

T4
40
11,5

4000
0
0.44
0uh
~0,05
262
1750
12,750
0.
Severe
0.214
.
23,520
23.238
1200
0.025

None Detected

LABORATORIES i NC.
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88 Broad Strent o Beston 10 o Massochusotis o Liberty 2.0739 ‘
. RESULTS OF ANALYSES OF FOX_POINT WATER SAMEL ;
¥ ¥-3 et wes
= 749 7.3 B3
3 50 2 70
14,0 2.0 12,0 0.0
1og rxgg 105 g; i
100 96 105 7h
0 0 0 0
0 0 0 0
5250 4200 5550 4600
0 0 0 0
0.28 0,44 0.20 0.40
0:08 e %t .56
~«0,05 | =005 =0,05 -0,05
3,2 1.0 1.6 1.0
2310 1880 2290 1980
16,870 13,650 16,890 14,500
0 0 0 0
Severe Severe Severe _ Severe
0244 10,130 0.244 0.004
0 0 0 0 |
3535 EERA: 32580 i
320 - 130 270 190 |
1400 1300 1350 1420
0;031. - 0,025 0,032 0,028

None Detected

None Detected

Hone Detected

None Detected

S T

Wb -7 W8 g:g 
T.6 T4 Te3 Te3
8 2 40 210
6.5 12,0 12.0 T 10,8
103 107 105 108
-0 0 0 0
103 107 105 108
0 0 0 0
0 0 0 v}
5000 5310 5330 5320
o} o} o . o}
0,30 0,32 04,35 0437
0.02 0,03 0,03 0.03
0.‘28 0329 0-32 003‘#
0,05 0.32 C.62 0,84
0,04 1.8 1.8 1,8
2230 2270 2270 2280
16,150 16,510 16,560 16,500
0 0 o] 0
Severe Severe Severe Yevere
0,110 0,281 0,263 0,250
0 0 0 0
31,720 32,500 32,620 32,780
31,510 32,3310 32,040 31,990
210 190 580 740
1870 1240 1380 - 1420
0,033 0.033 0.032 0.032
None Detected Yone Detected 3 2
CEXHIBI T
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RESULTS OF ANALYSES OF FOX POINT SOIL SAMEPLES

§1  _Sep  _.S=3 -4 -5 __8-6 8T
Baslis, Original Sample Received ,
PH ) 708 7.8 T2 308 ' 306 302 706
Loss on Drying, % 66,70 63.28 69 .62 | 32489 - 33.40 25.73 64,07
****ﬂ************-&************
Bagls, Laboratory-Dried Sample
Loss on Ignition, % 22,78 17.62 18.61 ' 545 568 4,67 18.15
Organic Matter, Titration ' ' : .
Method, % 17.12 13,78 15.85 3,27 3.66 234 14,26
Iron, % 4,10 - 3.86 4419 2,96 . 3.18 3410 4,32
Manganese, % - 0,08 0.11 | 0,09 0;07 _ 0.07 0.05 C.13
011, % 1.78 1.39 1.52 0.09 0,12 0.0 1.72
Total Sulfides as 8%, in . )
milligrams per gram 1,15 1.88 1.89 -0,0025 ~0.0025 -0.0025 1,76
Sulfate-Reducing Bacteria,
Most Probable Number ' '
per 100 ml. 7 1100 1100 > 1100 ) 240 | ) 240 23 1100
EXHIBIT
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